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Skeletal  remains  are  excellent  sources  of  information  regarding  the  deceased  individual  and  the  taph- 
onomic  history  of  their  body.  However,  the  accuracy  of  this  information  is  governed  by  our  ability  to 
interpret  features  on  the  surface  of  a  bone.  Little  research  in  this  respect  has  been  carried  out  on  remains 
found  in  aquatic  environments.  This  study  compares  damage  features  created  on  the  surface  of  modern 
and  archaeological  bone  found  in  a  seawater  environment,  to  surface  features  present  on  unmodified 
bone,  archaeological  bone,  pathological  bone  and  burned  bone.  Results  show  that  no  similarities  with 
regard  to  surface  pores  were  identified  between  submerged  modern  bone  and  archaeological,  patho¬ 
logical  and  burned  bone.  Similarities  were  seen  between  submerged  and  dry  archaeological  bones.  Thus 
it  is  argued  that  the  misinterpretation  of  the  taphonomic  history  of  isolated  bones  recovered  from  bodies 
of  water  should  be  avoidable  in  the  forensic  context. 

©  2013  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Despite  the  vast  expanses  of  water  surrounding  us  and  the 
regularity  with  which  human  remains  are  recovered  from  them, 
very  little  research  has  been  conducted  on  the  taphonomic  changes 
undergone  by  bone  as  a  consequence  of  prolonged  submergence. 
When  human  remains  are  introduced  into  any  aquatic  environ¬ 
ment,  the  nature  and  type  of  remains  as  well  as  the  unique  con¬ 
ditions  of  that  particular  environment  will  determine  specific 
damage  mechanisms,  movement  of  the  remains,  decomposition 
and  skeletonization.1  This  combination  of  variables  means  that  it  is 
often  difficult  to  successfully  interpret  the  conditions  surrounding 
the  circumstance  of  death  and  time-since-death  within  the 
medico-legal  context.  This  research  therefore  aims  to  provide  some 
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much  needed  information  on  the  likely  impact  of  damage  from 
mobile  sediments  on  the  interpretation  of  bone  surface  features. 

Of  the  previously  published  work  on  human  remains  in  bodies 
of  water,  most  have  described  general  trends  with  regard  to  soft 
tissue  decomposition  within  an  aquatic  environment.2-5  A 
decomposing  body  within  water  can  go  through  the  standard 
phases  of  putrefication,  saponification  (adipocere  formation)  and 
mummification.2,3’6-8  Insect  infestation  and  bird  scavenging  may 
also  occur  on  the  aerially  exposed  body  parts,3  whereas  fish,  crus¬ 
taceans  and  other  types  of  aquatic  organisms  will  scavenge  on  the 
submerged  remains.4  This  will  increase  the  rate  of  decomposition 
and  has  an  effect  on  the  time  taken  for  skeletal  elements  to  be 
exposed  and  become  available  for  change  themselves. 

Little  is  understood  regarding  the  taphonomic  processes 
affecting  the  skeletonized  body  within  water.  Some  work  has 
demonstrated  the  issues  surrounding  element  dispersal  across  a 
body  of  water,  particularly  in  rivers.9  Unfortunately,  as  is  often  the 
case  with  forensic  taphonomic  research,  there  are  few  highly 
controlled  experimental  studies  which  can  be  used  to  garner  a 
base-line  for  changes  from  which  conditions  within  the  forensic 
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context  can  be  inferred.  Thompson  et  al.10  subjected  both  modern 
and  archaeological  bone  to  bombardment  with  sediment  grains  in 
an  annular  flume  so  as  to  determine  the  relationship  between 
sediment  transport  patterns  and  damage  to  bone  surfaces.  Both  the 
bone  types  were  subjected  to  varying  mobile  sediment  bed  con¬ 
ditions  in  a  seawater  environment,  for  a  range  of  time  intervals.  It 
was  concluded  that  the  degree  of  wear  was  dependent  on  the  bone 
type,  exposure  time,  sediment  particle  transport  mode  and  sedi¬ 
ment  type.  This  has  interesting  implications  regarding  the  better 
understanding  and  interpretation  of  the  morphological  degrada¬ 
tion  of  bone.  One  issue  still  of  great  concern  is  whether  abrasion 
marks  evident  on  remains  exposed  to  sediment  bombardment, 
rock,  silt  and  other  types  of  debris  are  identifiable  as  such,  or  if  they 
may  be  confused  with  similar  surface  changes  resulting  from  a 
number  of  other  phenomena  which  can  create  new  pores  on  the 
surface  of  bone  (e.g.  normaldiagenesis,  disease  or  burning).  This  has 
important  implications  for  the  creation  of  osteological  profiles  and 
the  interpretation  of  skeletal  remains. 

Therefore,  this  paper  focuses  on  the  comparison  of  damage 
caused  to  bone  surfaces  from  sediment  bombardment  to  changes 
that  have  resulted  from  other  known  causes. 

2.  Materials  and  methods 

In  order  to  carry  out  this  investigation,  an  experimental 
approach  was  adopted.  Since  the  aim  of  this  research  is  to  ascertain 
the  similarities  and  differences  between  abrasion  marks  created  by 
bombardment  and  those  surface  marks  created  by  non-aquatic 
means,  a  number  of  bones  were  used  for  morphological  compari¬ 
sons.  In  addition  to  the  submerged  bones,  a  range  of  archaeological, 
burned  and  pathological  bones  were  examined.  Specific  samples 
were  chosen  with  abnormal  surface  morphology  and  therefore 
more  likely  to  be  confused  with  abrasive  marks  in  the  field.  Table  1 
contains  details  of  the  samples  used. 

2  A.  Submerged  samples 

Modern  and  archaeological  bones  were  used  to  investigate  the 
effects  brought  about  by  submersion  in  an  aquatic  environment. 
The  modern  bones  were  adult  sheep  femora,  while  the  archaeo¬ 
logical  bones  used  were  human  femora.  Dry  controls  were  retained 
for  each  bone  type. 

Full  details  for  the  process  of  bombardment  are  given  in 
Thompson  et  al.,10  but  to  summarize,  the  bones  were  placed  in  a 
small  annular  flume  consisting  of  seawater  and  sand-sized  sedi¬ 
ment.  The  sediment  used  was  a  well-sorted,  sub-rounded,  fine 
grained  white  quartz  beach  sand  with  a  median  diameter  of 
200  pm.  A  total  of  650  g  of  sand  were  placed  in  the  mini  flume, 
amounting  to  a  1  cm  high  uniform  bed.  Bone  samples  were  added 
and  subjected  to  mobile  sediment  bed  conditions.  Three  different 
flow  velocities  were  chosen  so  as  to  subject  the  bone  to  different 
transport  modes  (bedload,  saltation  and  suspension),  while  the 
bones  remained  stationary  during  the  experiment.  The  three  ve¬ 
locities  used  were  0.34  ms^1,  0.37  ms-1  and  0.44  ms-1  and  a  range 
of  exposure  time  intervals  (0-120  h)  was  used  for  the 
investigation. 

An  additional  four  modern  adult  sheep  bones  were  sectioned 
and  exposed  to  bombardment  from  a  larger  sediment  and  fresh¬ 
water.  One  of  these  bones  was  used  as  a  control  and  kept  out  of  the 
water  for  the  duration  of  the  experimentation  period.  The  other 
three  bones  where  submerged  and  bombarded  using  medium 
quartz  sand  grains  of  size  600  pm  at  a  current  velocity  of  0.4  ms-1. 
The  three  bones  were  submerged  in  this  environment  for  different 
time  periods,  namely  6,  8  and  13  h. 


2.2.  Non-submerged  (comparative)  samples 

2.2 A.  Weathered  samples  (archaeological) 

Archaeological  bone  is  usually  known  to  be  fragile  and  brittle. 
Robinson11  states  that  this  is  due  to  the  loss  of  strength  and  elasticity 
as  a  result  of  the  degradation  of  the  organic  and  inorganic  compo¬ 
nents  of  the  bone.  The  degree  of  degradation  varies  as  a  result  of  the 
interactions  between  the  bone  and  the  surrounding  sediment  and 
environment  in  which  it  is  buried.12  Byres13  concluded  that  with 
time,  buried  bone  goes  through  various  changes  due  to  both 
intrinsic  characteristics  of  the  bone  (e.g.  size  of  the  bone,  age  at 
death  of  the  individual  who  died)  and  extrinsic  factors  within  the 
environment  (e.g.  presence  of  a  coffin,  soil  pH,  physical  disturbance). 
Both  of  these  can  affect  the  morphological  texture  of  the  bone. 
When  a  bone  is  freshly  introduced  into  soil,  it  would  primarily  have 
a  smooth  surface,  however  with  environmental  conditions,  such  as 
exposure  to  soil  acids  which  slowly  erode  the  bone,  the  bone’s 
surface  is  altered  causing  morphological  changes  such  as  pitting. 
Eight  archaeological  bones  were  examined  in  total. 

2.2.2.  Pathological  samples  (archaeological) 

Certain  types  of  disease  may  manifest  on  the  skeleton,  though  it 
tends  only  to  be  chronic  conditions  that  result  in  skeletal  lesions. 
There  are  a  plethora  of  diseases  which  manifest  themselves  as 
pitting  or  porosity  on  pathological  bone,  which  may  potentially  be 
confused  with  taphonomic  alterations  These  include  those  related 
to  infections  such  as  periostitis,  osteomyelitis,  tuberculosis,  leprosy 
and  syphilis;  reticuloendothelial  diseases  such  as  Gaucher’s  dis¬ 
ease;  hematopoietic  diseases  such  as  porotic  hyperostosis;  meta¬ 
bolic  diseases  such  as  osteoporosis  and  rickets;  some  endocrine 
diseases  such  as  hyperparathyroidism;  tumors,  and;  some  types  of 
degenerative  joint  disease  such  as  osteoarthritis,  rheumatoid 
arthritis  and  psoriatic  arthritis.14,15  Here  we  examined  examples  of 
osteoarthritis  and  periosteal  new  bone  growth,  since  both  are 
common  skeletal  conditions  which  modify  the  surface  of  the  bone. 
They  are  referred  to  here  as  pathological  bone. 

2.2.3.  Burned  samples  (modern) 

When  bone  burns,  it  goes  through  several  processes  causing  it  to 
undergo  various  morphological  changes  which  would  be  evident 
from  its  surface.  Four  stages  of  heat-induced  transformation  are 
evident  -  dehydration,  decomposition,  inversion  and  fusion.16,17 
Significant  changes  to  surface  porosity  and  quality  occur  in  the 
first  two  stages  as  the  water  and  organic  material  are  lost  from  the 
bone  at  low  temperatures  and  then  again  at  higher  temperatures  in 
the  final  fusion  stage  as  the  inorganic  phase  remodels.17,18  In  this 
study,  two  modern  sheep  bones  were  used  to  investigate  the  gen¬ 
eral  morphology  of  the  bone  after  being  exposed  to  low  (500  °C) 
and  high  (900  °C)  burning  intensities  for  45  min. 

2.3.  Morphological  examination 

The  microscopic  examination  for  this  investigation  was  carried  out 
using  a  Hitachi  S-3400N  environmental  scanning  electron  micro¬ 
scope.  The  variable  pressure  setting  was  used  to  eliminate  the  need  to 
carbon  or  gold  coat  the  samples,  as  would  otherwise  have  been 
needed  to  prevent  charging  of  the  sample.  Backscatter  electron 
detection  was  used  to  obtain  morphological  information.  The  mag¬ 
nifications  chosen  to  examine  bone  morphology  were  xlO,  x50 
and  x  100.  At  each  magnification,  micrographs  were  taken  to  docu¬ 
ment  findings.  Using  such  magnifications,  it  was  possible  to  outline 
the  general  morphology  of  the  bone  and  then  closely  examine  any 
areas  of  interest.  Measurements  of  the  abrasion  marks,  pores  or  pitting 
present  on  the  bone  were  also  taken  using  this  instrument.  This  was 
done  so  as  to  be  able  to  compare  pore  and  surface  feature  sizes. 
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Table  1 

Detailed  description  of  the  samples  and  exposure  parameters,  where  M  relates  to  Modern  Bone,  A  to  Archaeological  Bone,  Juv  to  Juvenile 
Bone  and  Ad  to  Adult  Bone. 


Bone  Type 

Bone 

Details 

Exposure  Time 
Interval  (hr) 

Impact 
Velocity 
(ms’1 ) 

Burning 

Intensity 

Additional 

Information 

M 

24 

A 

M 

48 

0.34 

A 

-4— » 

c 

CD 

E 

d 

M 

72 

A 

o 

M 

24 

> 

c 

LU 

A 

L. 

0 

M 

48 

0.37 

to 

£ 

A 

03 

CD 

CO 

CO 

M 

72 

A 

o 

-4— » 

M 

24 

"O 

0 
-t— » 

A 

CD 

M 

48 

d 

CO 

A 

0.44 

M 

72 

A 

M 

120 

A 

0  ^ 

O  C 

6 

2  ®  ® 

T3  5  E 
®  $  c 

O  -£=  O 
.® 

M 

8 

0.40 

- 

- 

.Q  S-  r- 

13 

Juv,  spine 

- 

- 

- 

Thin  compact  bone 
having  spongy  bone 
exposed  possibly  due  to 
PM  damage. 

Ad,  spine 

- 

- 

- 

Evidence  of  lipping. 

To 

o 

Ad,  leg 

- 

- 

- 

- 

’CJ) 

o 

o 

CD 

CO 

.c 

Ad,  foot  (toe) 

- 

- 

- 

Heavy  soil  staining. 
Indicative  of  ground 
burial. 

o 

1— 

< 

Juv,  arm 
(epiphysis) 

- 

- 

- 

Appearance  of  pores 
indicative  of  bone  growth. 

Ad,  spine 

- 

- 

- 

PM  damage  evident  on 
the  side. 

Ad,  spine 

- 

- 

- 

- 

Ad,  rib 

- 

- 

- 

- 

-4—* 

c 

1— 

M 

0.45 

- 

Low  (500°C) 

- 

Z5 

CD 

M 

0.45 

- 

High  (900°C) 

- 

3.  Results 

3.1.  Submerged  samples 

The  morphological  examinations  performed  on  the  bones  sub¬ 
jected  to  bombardment  in  an  aquatic  environment  are  shown  in 
Fig.  1.  The  damage  to  the  surface  of  the  bones  resulting  from  sedi¬ 
ment  bombardment  is  consistent  with  that  found  in  Thompson 
et  al.10  It  was  noted  that  the  type  of  water  had  no  effect  on  features 
observed,  and  that  any  variations  in  the  size  of  the  abrasions  could 
be  attributed  to  the  size  of  the  grains  in  the  water. 

3.2.  Non-submerged  (comparative)  samples 

The  morphology  of  the  dry  archaeological  bones  appeared  to  be 
well  preserved  with  minor  cracking  features  (Fig.  2).  The  condition 


of  the  external  periosteal  surface  was  good,  with  the  majority  of 
natural  pores  remaining.  On  many  of  the  internal  surfaces  imaged, 
there  was  the  presence  of  sediment,  specifically  within  the 
trabeculae  of  the  bone. 

The  pathological  bone  exhibited  the  natural  pores  of  the  un¬ 
modified  bones  in  addition  to  pores  resulting  from  the  increased 
bone  activity  associated  with  the  increased  osteoblastic  activity 
(Fig.  3).  The  nature  of  these  pathology-related  pores  were  in 
keeping  with  examples  published  elsewhere  (e.g.  Ortner,14  Roberts 
and  Manchester,15  Bridges19  and  Rogers20). 

During  the  investigation  of  the  burned  bone,  it  was  seen  that  the 
main  morphological  changes  to  the  bone  surface  were  attributed  to 
cracking  and  pitting  as  can  be  seen  in  Fig.  4.  The  bone  burned  at  a 
low  intensity  exhibited  the  cracked,  rough  surface  and  damaged 
pores  associated  with  the  commencement  of  heat-induced  change. 
The  bone  burned  at  a  higher  intensity  exhibited  the  smoother 
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Fig.  1.  The  general  appearance  of  the  morphological  features  present  on  the  modern  and  archaeological  bones  after  being  subjected  to  an  aquatic  environment. 


Fig.  2.  The  general  appearance  of  the  morphological  features  present  on  the  dry 
archaeological  bones. 


surface  and  redistributed  pores  indicative  of  the  intense  remodel¬ 
ing  of  bone  at  such  temperatures.  Both  sets  of  change  are  in  keeping 
with  those  heat-induced  surface  changes  recorded  elsewhere  (such 
as  Thompson17,18). 

Measurements  of  the  pores  and  abrasion  marks  were  taken 
from  all  bone  samples  imaged  following  a  random  sampling 
strategy.  Interestingly  in  both  bombardment  experiments,  that  is, 
exposure  to  a  seawater  and  a  freshwater  environment,  the  sizes  of 


15.0kV  32.7mm  xIO  BSECOMP  50Pa  12/10/2009  14:12  '  5.00mm 


Fig.  3.  The  general  appearance  of  the  morphological  features  present  on  the  patho¬ 
logical  bones. 


the  abrasion  marks  were  found  to  correspond  well  to  the  grain  size 
of  the  sand  used  in  the  investigation. 

The  sizes  of  the  natural  pores  found  on  some  of  the  archaeo¬ 
logical  bones  were  also  measured.  The  majority  of  these  pores  were 
found  to  be  of  a  larger  size  than  the  abrasion  marks  found  on  the 
bones  submerged  in  an  aquatic  environment  which  exhibited  the 
smallest  variation  in  size.  Furthermore,  the  size  of  the  pits  and 
pores  found  on  the  burnt  bones  were  also  measured.  For  the  most 
part,  these  were  found  to  be  either  larger  or  smaller  than  the 
abrasion  marks,  but  tended  to  be  smaller  than  those  found  on  the 
pathological  samples  (Table  2). 

During  the  morphological  examination  of  the  exposed  bones, 
matter  was  observed  on  some  of  the  bones.  The  SEM  coupled  with 
an  energy  dispersive  x-ray  spectrometer  (SEM-EDX)  was  used  to 
analyse  the  grainy  matter  for  compositional  identification.  The 
analysis  showed  that  the  matter  was  mainly  made  up  of  silica 
(silicon  and  oxygen)  which  is  the  main  constituent  of  sand.  In  the 
case  of  some  of  the  modern  bones  subjected  to  a  water  environ¬ 
ment,  sand  grains  were  found  to  be  attached  on  the  surface, 
whereas  with  the  submerged  archaeological  bones  the  sand  grains 
appeared  to  be  stuck  within  the  cracks  present  on  their  surface. 

4.  Discussion 

From  the  results  obtained,  it  was  possible  to  carry  out  compar¬ 
isons  between  the  surface  morphology  of  the  bones  which  were 
subjected  to  bombardment  in  an  aquatic  environment  to  the 
remainder  of  the  bones  under  investigation. 


Fig.  4.  The  general  appearance  of  the  morphological  features  present  on  the  burnt 
bones. 
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Table  2 

Pore  size  measurements  for  all  the  examined  bone,  mean  values  in  bold  with  standard  deviations. 


Pore  size  measurements  (pm) 

Abrasion 

(archaeological  and  modern) 

Weathering 

(archaeological) 

Pathological 

(archaeological) 

Low  intensity 
burning  (modern) 

High  intensity 
burning  (modern) 

217 

506 

1620 

37.6 

1010 

266 

338 

595 

26.7 

905 

197 

546 

1370 

39.4 

390 

228 

559 

693 

40.9 

231 

277 

278 

249 

155 

145 

246 

575 

437 

57.8 

122 

194 

1150 

1020 

96.6 

124 

187 

333 

1280 

158 

266 

99.2 

519 

56.8 

276 

335 

403 

64 

250 

175 

194 

64.6 

264 

56.1 

206 

167 

236.7  ±  34 

444.9  ±  282 

644.1  ±  486 

64.9  ±  46 

277.2  ±  332 

When  comparing  the  bones  subjected  to  a  water  environment  to 
the  dry  comparative  archaeological  bones  (non-pathological),  it 
was  evident  that  the  submerged  modern  bones  did  not  display 
many  morphological  similarities  to  the  dry  archaeological  bones. 
The  surface  morphology  of  the  dry  archaeological  bones  appeared 
to  be  rather  smooth,  with  minor  cracking  features.  On  the  other 
hand,  abrasion  marks  were  the  main  features  causing  morpholog¬ 
ical  change  on  the  modern  bones  with  no  evidence  of  surface 
cracking. 

In  contrast,  the  submerged  and  dry  archaeological  bones 
displayed  a  distinct  similarity  in  morphological  appearance. 
Little  morphological  change  was  caused  by  the  aquatic  envi¬ 
ronment  to  the  archaeological  bones.  Even  though  in  general,  the 
submerged  archaeological  bones  displayed  more  cracking  fea¬ 
tures  on  their  morphology  than  the  dry  archaeological  bones, 
this  does  not  give  rise  to  a  distinct  difference  between  these  two 
sets  of  samples.  Thus,  it  was  still  difficult  to  differentiate  between 
the  two. 

In  light  of  this  predicament,  one  possible  way  of  differentiating 
between  a  submerged  archaeological  bone  and  a  dry  one  would  be 
to  try  and  identify  the  presence  of  sediment.  Buried  bones  in  soil 
and  silty  environments  tend  to  accumulate  earth  debris  within 


cracks  and  their  trabeculae  matrix  (Fig.  5).  It  is  believed  that  this 
layer  would  be  easily  lost  in  highly  energetic  aquatic  environ¬ 
ments.  On  the  other  hand,  archaeological  bone  exposed  to  a  sandy 
beach  environment  will  tend  to  accumulate  sand  grains  within 
cracks  present  on  their  surfaces.  As  a  result,  identifying  the  pres¬ 
ence  of  any  of  these  two  materials  could  help  in  determining  the 
possible  environment  the  bone  would  have  been  located  in  and 
this  may  be  of  significant  help  when  examining  isolated  bones,  as 
for  example,  are  often  taken  to  the  police  by  members  of  the 
public. 

A  potential  consideration  when  examining  bones  recovered 
from  an  aquatic  environment  is  whether  marks  created  by  the 
mobile  environment  mimic  those  caused  by  pathological  condi¬ 
tions.  No  similarities  were  noted  in  this  study.  Likewise  there  were 
no  similarities  between  the  marks  left  by  sediment  bombardment 
and  heat-induced  surface  change.  In  addition,  Fig.  6  demonstrates 
the  good  consistency  between  the  sand  grain  size  and  abrasion 
mark  size  in  the  bombardment  experiments.  The  sizes  ranged  from 
187  pm  to  277  pm,  with  an  average  size  approximately  200  pm, 
matching  the  bombardment  material.  As  has  been  noted  above,  and 
in  Thompson  et  al.,10  this  corresponds  well  with  the  abrasion  marks 
left  by  their  bombardment. 


Fig.  5.  Mud  present  between  the  trabecular  matrices  of  two  dry  archaeological  bone  samples. 
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Fig.  6.  Measurement  of  some  sand  grains  present  on  one  of  the  exposed  modern 
bones. 


Crucially,  there  are  differences  between  the  measurements  of 
the  natural  pores  and  those  created  by  burning  or  bombardment 
(Fig.  7). 

Fig.  7  is  a  log  graph  which  shows  the  general  distribution  of 
abrasion  mark  and  pore  size  for  the  submerged  and  comparative 
samples.  It  can  be  seen  that  there  is  an  overlap  of  abrasion/pore  size 
between  all  these  types  of  bones.  In  fact,  these  appear  clustered.  As 
stated  previously,  this  means  that  the  sediment  bombardment  on 
the  exposed  modern  bones  created  abrasion  marks  which  were  of  a 
similar  size  to  the  grain  size,  showing  both  accuracy  and  precision 
in  data.  In  general,  this  size  range  was  not  frequently  found  for  the 
pores  on  the  archaeological  bones  and  much  less  for  the  marks  on 
the  burnt  bones.  In  fact,  in  terms  of  the  pores  found  on  the 
archaeological  bones,  they  tended  to  be  larger  in  size  when 
compared  to  the  abrasion  marks  found  on  the  exposed  bones.  The 
high  intensity  burnt  bones  displayed  the  greatest  range  in  pore  size. 

However,  there  are  questions  remaining  regarding  possible 
confusion  occurring  if  the  grain  size  from  the  sediment  in  the  water 
was  larger,  smaller,  or  had  a  wider  range  than  that  used  here.  In 
these  situations,  the  regularity  of  pore  shape  should  be  examined  as 
this  may  well  differ  as  a  result  of  the  cause  of  the  osteological 
change,  in  addition  to  other  surface  features  of  the  bone  (for 
example,  heat-induced  colourchange  in  burned  bone).  Finally,  as 
can  be  seen  in  Fig.  7,  the  range  of  pores  sizes  created  by  sediment 
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Fig.  7.  Measurements  of  abrasion  marks  present  on  the  modern  bones  exposed  to  a 
seawater  environment,  the  burnt  bones  and  the  ‘natural’  pores  present  on  the 
archaeological  bones. 


bombardment  is  narrow  compared  to  those  occurring  by  other 
means  used  here.  Nonetheless,  further  work  is  needed  to  examine 
this  in  more  detail,  with  a  particular  focus  on  a  narrower  range  of 
pore  sizes. 

5.  Conclusion 

From  the  comparisons  carried  out,  several  conclusions  can  be 
made.  Similar  abrasion  marks  were  present  on  all  the  submerged 
bones.  No  similarities  could  be  identified  between  the  sub¬ 
merged  modern  bones  and  the  dry  archaeological  bones.  By 
contrast  the  submerged  and  dry  archaeological  bones  are 
distinctly  similar  making  it  difficult  to  discriminate  between  the 
two.  It  is  suggested  that  one  possible  way  of  differentiating  be¬ 
tween  the  two  is  to  determine  if  sediment  or  sand  grains  are 
present  on  the  bone.  Fine  sediment  is  easily  lost  in  highly  ener¬ 
getic  environments  whereas  sand  grains  tend  to  accumulate 
within  the  cracks  or  on  the  surface  of  the  bone  in  such  aquatic 
environments.  Furthermore,  no  similarities  were  found  between 
marks  created  on  the  modern  submerged  bone  to  the  ones 
created  by  the  pathological  conditions  investigated  in  this  study 
or  with  the  heat-induced  surface  changes.  Our  preliminary  study 
suggests  that  it  is  unlikely  that  the  taphonomic  history  of  isolated 
bones  recovered  from  bodies  of  water  would  be  misinterpreted 
in  the  forensic  context. 
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